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SUMMARY
of sntisymmtrical,a8wellas symmetrical,
bucklingconfigurations,thetheoretical-shearbuckli~stresses-of
clampedrectangularflatplatesareevaluatedmorecorrectlythanin
previouswork. Theresultsgiven,whichrepresentheaverageofuppe~
andlower-llmitsolutionsobtainedby theLagraqgienmultipliermethod,
arewithin1 percentof thetruebucklingstresses.$
Thetheoreticalbuckling
INTRODUCTION
stressin shearof a clampedrectangular
platehasbeenfoundexactlyonlyforthecaseofan infinitelylong
plate(reference1); forplatesof finiteaspectratio,approxlmte
solutionsofuncertainaocuracyharebeenpresentedby severalinvesti-
gators.~ reference2,Coxgivesbuckling-tresscoefficientscomputed
by theRayleigh+litzener~methodforseveralaspectratios,butno
detailsof solutionareincluded.Iguchi(reference3)”obtainsapproxi–
materesultsby meansof a seriesmthod that,esSmithpointsoutin
reference4, doesnotprovidedefiniteinformationastowhetherthe
resultsobtainedaretoohighor toolow. Smiththenobtainsupper
limitstothetruehuckl.iwstressbyusiw IguchiSsdeflectionfunction
in theRayleim+itzmthod. Thenumericalresultspubldshedby these
investigatorsdifferby asmuchas 10percentat somevalues of,plate
aspectratio.Furthermore,theseresultswereallapparentlybesedon
theassumptionthat,foreachaspectratio,thecriticalstress
correspondstoa bucklingpatternsymmetrical(ratherthanentisymmetrical)
abouttheplatemidpoint.
.
Thepresentpapergivestheoreticalbuckling+%resscoefficients
computedfroman analysis(referenoe5) “bytheLagra@an multiplier
mthod. Bothupperandlowerlimitsto thetruebucklingstresswere
l
calculated,so thatthemeximumemor in thefinalresultsisdefinitely
lmown.Furthermxe,inthepresentpapertheassuqtionisnotmade
thatthes,ymmtrioalbucklinupatterngoverns at allaspectratios.
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Inreference6 ft is shownthat,inshearbucklingofa rectangularplate
simplysupportedattheedges, anS.ntisymmliricalbucklingpatternis .
criticalatcertainaspectratios.Theantley.mmtricalp tternwas
accordi~~ includedinthepresent–.investigation,endtheresults
Indicatea ra~e of aspectratiosinwhichthelowestbucklingstress
doesoccurwitha configurationof antiswmetry.
Smaols
D
T
lengthofplate
widthofplate
plateaspectratio (a/%)
thicknessofplate
Youngtsmdulusformaterlsl
Poisson~sratioformaterial
flexuralstiffnessofplate
(JtM
criticalshearstress
sr?D
criticalshearstresscoefficientintheformulaT = ka—
b2t
RESULTSANDDISCUSSION
Thecritfcslshearstressfora rectangularflatplatewithclampxl
edgesisgivenby theequation
i%T.k$—
b2t
The solidcurveinfigure1 givesthevaluesof theshearstress
coefficientks forvaluesof aspectratio B from1 to3. As shown
in figure 1, thesolidcurveconsistsofpartsof twodistinctcurves,
oneofwhichcora?espondstosymmetricalbuckl!ng,theothertosntl-
symmtricalbuckling,about-theplatemidpoin~-Thegoverning
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configurationatsnyaspectratio,givenby thesolidline,isthat
which@elds thelowerbucklingstress.
Thevaluesof ks plottedin figure1 representheaverageof
uppe~ andlowen+lmitsolutionsobtainedfromtheanalysisof
reference5. (See table1.) Innmstcases,theloweu+imitresultswere
obtsinedfromeleventh-orderstabilitydeterminants,andtheupper-limit
resultsfromninth+nderdeterminants.(Seereference5.) Theevaluation
ofmny termsin thedeterminantswasconsiderablysiqliffedby mans
of thecomputationaltidiscussedin theappendixto thepresentpa~r.
As isseenfromthedataof table1, thefinalresultsobtainedmustbe
within1 percentof thetruebucklingstresscoefficients.i
It is tobe expectedthatforvaluesof 13between3 snd@ the
buc~ingstressescorrespondingto s,ynmetricalandantisynmetrical
bucklingwillbe veryclosetoeachother.Hence,the8olidcurve
of ks against
table1, canbe
l/13shownin ftgure2, fairedthoughthedataof
usedtoestimateks foranyvalue of j3between1 endm .
I%oma considerationof
patterns,theshearbucldlng
clsmpededgeshavebeentire
CONCZUDII?3REMARKS
lmthsymmetricalndantisyrmretricalbuckling
stres’sesofrectangularflatplateswith
correctlyevaluatedthaninpreviouswork
whereinonlysymmetrical buckllngpat~rnswereconsidered.Throughthe
useof theiagrengisnmultiplier?#dmd,whichpetitsthecomputation
ofbothuppersndlowerlimitsto thetruebucklingstress,valueslmown
tobewithin1*percentof thetrusbucklingstresscoefficientshave
beenohtalned.
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NationalAdvisoryConmitteeforAeronautics
LangleyField,Va.,Septeniber18, 1947
—
.+, — -. —
the
are
NACATN No.1559 .
AWENDIX
COMPUTATIONAIDS
Jnthedeterminantswhiohformthestabilityoriteriafromwhich
buckli~tresscoefficientssrederived(reference5)Amanyterms
givenin theformof infinitesummations;thatis, x.%
ma
where
Amn
% =%n2- %2~6+n2
Thissumation,fora givenvalueof n, convtirgesveryslowly,
approfimatel.yas 1
—“ however,thetermsof thesummationapproachthe
~2 ‘
.
W&.leof ~ rapidly,as m beco~slarge.Thus,itmaybe e.ssumwl
that abovoa certainvalueof theindexm, say M, thstermsof the
w
~2
desiredseriesbeconMequalto thecorrespondingtermsof
x
~=~s “
Thus,forexaqle
-.
.
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But
Then
w ?.4
In thecaseof B = 2, where ~~ 10,Itwa8onlynecessaryto take
M = 9 to olkainSufficientaocuracy.
Allof theinfiniteumationsfoundin thedeterminantsforboth
thesymmtrlcalandantis-trical.lower-limitsolutionscanbe
evaluatedin a similarmanner.In theupm-limitdeterminants,there
appe~ summationsof a nmrecomplextypeof
where
Expend- theReneraltermgives
term, suohae -
~’
— =
[’e:’)’ ‘@:@ll
Am&m 4@+4@4 —-’
= 2@ + 4#)2[@ + 4S’)2+ 4@ + S’)q
..
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Dividingthroughthenumeratorby thedenominatorgivesa sumof
theform
Thefirstfourtermsof thissumaresufficienttoprovidea
satisfactoryapproximateiontothegeneraltermof the desiredseries
athighvaluesof m. Thus
where
D= 318.20M6
10
Butsince
.
.
.
.
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thedesiredsunmatlonbecomes
Similarapproximationsarepossiblefortheotherinfiniteseries
of’similarformin theupper-limitdeterminants.
.
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w
%leventh order detemlnimt; ~, q=2
%1.eTWRihOZ’d81?de~~tj ~7, qd? J
@)btalned flun erect solution in referenoe 1.
16
I I
T’———
14
1
\
.Q
b 1
1
a
I
~=. b:::
———
12 1A\ L
k~
---
I
.\1 s
10 -- %. A
A Antisymrnetrica} buckling ~ .A -.
S Symmetrical buckling I
00
18 “ t 1 1 I ! I I I I
1,0 1.4 L8
p= ; 2“2 ~:~ ~ 3.0
~ FOROERawmcs
Figure I.-Buckling stresses of clamped rectangular plates in shear.
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Figure 2.-Buckling stresses of clamped rectangular plates in shear.
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